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INTRODUCTION
A successful orthodontic treatment comprises short 
treatment period and stable results with minimal 
histological damage and pain. Prolonged treatment 
time not only affects the patient psychosocially but also 
increases the risk of periodontal disease, caries, and root 
resorption. There have been many attempts to shorten 
treatment time by accelerating tooth movement using 
methods such as dentoalveolar distraction osteogenesis, 
(1-4) periodontal ligament distraction, (5,6) corticotomies, 
(7-9) and corticision (10). 

It has been reported that surgical injury to the cortical 
bone initiates biochemical changes leading to rapid tooth 
movement, which was described by Frost as regional 
acceleratory phenomenon (11). These injuries lead to an 
increase of anabolic and catabolic activity in the medullary 
bone and dramatic tissue turnover. This temporary 
osteopenia leads to rapid tooth movement (12,13). 

The first documented corticotomy was described by Kole 
in 1959. The author emphasized that the cortical bone 
is the main cause of resistance and that disrupting this 

unity will accelerate orthodontic tooth movement (14-
16). In 2001, Wilcko et al. (7) introduced periodontally 
accelerated osteogenic orthodontics, which is a series 
of corticotomies followed by bone grafting procedures to 
prevent dehiscence and increase bone volume. 

The main disadvantage of corticotomy is patient refusal 
because the procedure is highly invasive and requires 
flap elevation, and extensive osseous surgery leads to 
postoperative discomfort, swelling, and pain. Therefore, 
minimally invasive surgical procedures without extensive 
flap elevations were introduced, such as corticision, (10,17) 
piezopuncture (18,19) and micro-osteoperforations (20-
22).

In 2007, Vercellotti and Podesta (23) combined 
piezosurgery and corticision and reported that the duration 
of treatment had significantly shorten. However, this 
technique was still invasive due to flap elevation. Dibart 
et al. (24) introduced a new minimally invasive procedure 
that they called ‘Piezocision’ which is flapless and uses a 
piezosurgey blade to make cuts on buccal cortical bone. 
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Aim: The aim of this study was to determine changes in bone structure after laser and piezo incisions evaluated with micro-computed 
tomography (micro-CT).
Materials and Methods: Forty-eight adult male Sprague Dawley rats were randomly divided into 4 groups: no additional intervention 
to accelerate tooth movement (n=15), laser incision (n=15), piezocision (n=15), and control (n=3). These groups were divided into 
subgroups based on duration of applied force: 0, 3, 7, 14, 21, and 28 days. Piezo and laser incisions were made vertically on the 
mesial palatal side of the left maxillary molar without flap elevation. Tooth movement, bone volume, and bone mineral density were 
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points in any of the groups. The amount of tooth movement was significantly different between the groups at day 21.
Conclusion: These findings provide some initial basic understanding of changes in the bone following tooth movement alone and 
with piezocision and laser incisions. Larger sample sizes are needed to better elucidate their effects.
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More recently, surgical lasers have been utilized in flapless 
corticotomy procedures. However, there are very few 
studies in the literature about laser-assisted cortical bone 
incisions. Seifi et al. (25) performed cortical incisions with 
Er,Cr:YSGG lasers and reported a significant increase in the 
rate and amount of orthodontic tooth movement. A clinical 
trial by Alfawal et al. (26) comparing the effectiveness of 
piezocision and laser incision showed that there were 
no significant difference between the two techniques 
regarding canine retraction rate, canine rotation rate, or 
anchorage loss. Salman and Ali (27) reported rapid canine 
retraction in 15 patients with cortical bone perforations 
performed with Er:YAG laser. 

Micro-computed tomography (micro-CT) offers high-
resolution imaging at 1 micron per pixel and is widely used 
to visualize changes in bone structure, root resorption, and 
tooth movement. This new imaging technology provides 
three-dimensional qualitative as well as quantitative data, 
leading to a better understanding of changes in alveolar 
bone microstructure (28,29).

The aim of this study was to determine changes in bone 
structure after laser and piezo incisions evaluated with 
micro-CT.

MATERIALS and METHODS 
This study was approved by the Laboratory Animals Local 
Ethics Committee of Bezmialem Vakif University (protocol 
approval number 2013/137). The animals were kept at the 
Laboratory Animal Facility. Forty-eight adult male Sprague 
Dawley rats were randomly divided into four groups: no 
additional intervention to accelerate tooth movement 
(TM; n=15), laser incision (TM-L; n=15), piezocision (TM-
P; n=15), and a control group (C; n=3) (Figure 1). The tooth 
movement procedure was applied on each animal’s left 
side, with no treatment on the right side. 

Figure 1. Flowchart diagram

Rats were provided standard laboratory feed and housed 
in standard cages at room temperature with 12 hours of 
light per day and 55–70% humidity. Three animals in the 
control group were euthanized on day 0, while the animals 
in the other groups were euthanized at 3, 7, 14, 21, and 28 
days after the interventions.

All surgical procedures were performed under sterile 
surgical conditions following proper aseptic and 
antiseptic technique. The animals were anesthetized by 
intraperitoneal injection of 3 mg/kg xylazine hydrochloride 
(Rompun, Bayer, Germany) and 35 mg/kg ketamine 
hydrochloride (Ketasol 10%, Richter Pharma AG, Austria). 

After anesthesia, a 25-g superelastic Ni-Ti closed coil 
spring (G&H Orthodontics, Franklin, USA) was applied to 
the left maxillary first molar to move it mesially. The 25-g 
force was measured by a caliper force gauge (30). The coil 
was ligated around the left maxillary molar and incisor. 
Ligature wires were covered with flowable composite 
(3M Espe, St.Paul, USA) to protect the animal from injury 
(Figure 2).

Figure 2. Force application with the closed coil spring

Figure 3. Cortical incision to accelerate tooth movement

Laser incisions were made with an Er,Cr:YSGG laser (2780 
nm wavelength; Waterlase MD, Biolase Technology, Inc., 
Irvine, CA) at 3.0 W, 20 Hz with 50/80% water-air spray. The 
tip used in the present study was MZ6, 600 µm in diameter 
and 6 mm length. The beam spot size was 28.26x10-2 
mm2. Power density was 1061.6 W/cm2. Laser ablation 
was performed in contact mode with slightly contact with 
the mucosa for 15 s.
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Piezocisions were made with the Piezotome (Satelec, 
Acteon group, Merignac, France) by insertion of a BS1 tip. 
The depth of the vertical penetration was confirmed with 
the drop felt when reaching the cancellous bone. Incisions 
were made under saline irrigation. Both piezo and laser 
incisions were made vertically on the mesial palatal side 
of the left maxillary molar without flap elevation (Figure 3). 

The rats were killed using intraperitoneal injection of high-
dose (200 mg/kg) sodium pentothal (Pentothal, Abbott, 
USA) after the test periods (0, 3, 7, 14, 21, and 28 days). 
Maxillae were removed and stored in 10% formalin. 

Figure 4. Micro-CT images for day 21. a)TM, b)TM-L c)TM-P

Micro-CT evaluation 
Micro-CT analysis (Scanco µCT 50, Scanco Medical, 
Bassersdorf, Switzerland) was performed at 70 kV and 200 
µA with an exposure time of 300 ms. Micro-CT images with 
resolution (voxel size) of 20 µm were used for quantitative 

analysis of bone changes in the region of the maxillary first 
molar using the µCT Evaluation Program v6.5. (Scanco 
Medical, Bassersdorf, Switzerland). Measurements were 
performed according to Baloul et al.’s study (30). Tooth 
movement and alveolar bone parameters (bone volume 
and mineral density) were evaluated. The amount of tooth 
movement was assessed on two-dimensional transverse 
sections and measured at the interproximal heights 
of contour between the first and second molars (the 
distance between the most mesial point of the second 
molar crown and the most distal point of the first molar 
crown). Micro-CT images for day 21 were shown in Figure 
4. Changes in the alveolar bone were studied by analyzing 
the interradicular area of the maxillary first molar. A region 
of interest (ROI) was defined as the inter-radicular area of 
the maxillary first molar contoured in a transverse plane. 
In vertical plane, it was contoured as the most occlusal 
point of the furcation to the apex of the maxillary roots. 
Bone mineral density was measured with a standard 
hydroxyapatite. 

Statistical analysis
Descriptive statistics including mean, standard deviation 
(SD), and minimum and maximum values were calculated 
using the SPSS software program (ver. 22.0; SPSS Inc., 
Chicago, USA). Bone mineral density, bone volume, and 
tooth movement for each group were evaluated with 
Friedman test. These variables were compared at each 
time period using Kruskal–Wallis test. Post hoc analysis 
was used to evaluate the significance of differences in 
tooth movement at day 21 between the groups. P values 
less than 0.05 were considered statistically significant.

RESULTS
The mean and SD values for bone mineral density, bone 
volume, and tooth movement in each group are shown in 
Table 1. There were no significant changes in bone mineral 
density, bone volume, or amount of tooth movement 
between time points in any of the groups. Amount of tooth 
movement was significantly higher in the TM-P group at 
day 21 compared to the other groups (p=0.027) (Table 2). 

Table 1. Comparison of bone mineral density, bone volume and tooth movement amount in each group with Friedman test

Bone Mineral Density (mg HA/cm3) Bone Volume (mm3) Tooth Movement (mm)
25% per. Median 75% per. p 25% per. Median 75% per. p 25% per. Median 75% per. p

TM

Day 0 1017.78 1032.1 1052.2

0.308

9.38 9.42 9.46

0.525

0.03 0.04 0.05

0.253

Day 3 1059.78 1078.53 1107.44 8.05 8.24 9.14 0.09 0.1 0.12
Day 7 1116.55 1138 1146.78 8.33 8.36 9.11 0.06 0.07 0.08

Day 14 1074.33 1094.58 1105.94 8.58 8.65 8.66 0.15 0.21 0.51
Day 21 1096.6 1107.78 1116.36 8.52 8.68 8.93 0.06 0.063 0.07
Day 28 597.08 1091.13 1091.2 8.97 9.13 9.41 0.17 0.28 0.39

TM-L

Day 0 1017.78 1032.1 1052.2

0.053

9.38 9.42 9.46

0.059

0.03 0.04 0.05

0.126

Day 3 1059.47 1060.3 1089.44 9.06 9.21 9.86 0.09 0.1 0.18
Day 7 1090.41 1110.7 1133.95 9.54 9.79 10.07 0.15 0.17 0.19

Day 14 1113.96 1123.45 1194.29 8.93 8.99 10.38 0.45 0.47 0.48
Day 21 1085.76 1094.05 1123.83 9.26 9.48 9.67 0.1 0.11 0.16
Day 28 1135.19 1146.93 1149.37 8.87 9.07 9.16 0.2 0.36 0.48
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Table 3. Comparison of tooth movement amount at day 21 in each 
group with post hoc analysis

Post-Hoc Day 21
p

Tooth movement
TM vs. TM-L 0.100

(mm) 0.100
TM-L vs. TM-P 0.100

Mann–Whitney U test (p>0.016 Bonferroni correction)

Figure 5. Graph for tooth movement

However, post hoc analysis revealed no significant 
difference in tooth movement between the groups at day 
21 (Table 3). The acceleration record of tooth movement 
amount that occurs between the intervals was shown in 
the Figure 5. TM and TM-L groups showed a similar rate of 
acceleration and deceleration. The peak amount of tooth 
movement observed at day 14 for TM and TM-L groups, 
after 2 weeks for TM-P group.

DISCUSSION
To the best of our knowledge, this is the first animal study 
in the literature comparing piezocision and laser incisions 
with micro-CT evaluation. The aim of this study was to 
determine the effects of piezo and laser incisions on bone 
mineral density, bone volume, and tooth movement. The 
results showed that the only statistical difference between 
the groups was significantly greater tooth movement at 
day 21 in the piezocision group. 

In the literature, a study by Alfawal et al. (26) is the only 
clinical trial comparing piezocision and laser incision 
in canine retraction. They showed that there were no 
significant differences between the piezocision and laser 
incision groups in the overall duration and rate of canine 
retraction. Both of these minimally invasive corticotomy 
techniques, performed with advanced tools without 
the need for flap elevation or suturing, accelerate bone 
turnover rate. 

In the present study, there were no significant differences 
between the groups in any of the studied variables at any 
of the time points except amount of tooth movement at day 
21. The TM-P group showed higher values than the other 
groups at day 21, but the difference was not significant 
in post-hoc analysis. This finding is consistent with the 
results reported by Alfawal et al. (26) 

Baloul et al. (30) examined alveolar bone structure after 
orthodontic tooth movement with or without corticotomy 
using micro-CT. They reported that bone volume was 
significantly decreased in the combined corticotomy and 
tooth movement group at 14 days compared with baseline, 
while there were no statistically significant differences in 
bone mineral density among groups at any time point. In 

TM-P

Day 0 1017.78 1032.1 1052.2

0.371

9.38 9.42 9.46

0.711

0.03 0.04 0.05

0.099

Day 3 1069.08 1085.43 1087.56 8.12 8.48 8.73 0.11 0.12 0.18
Day 7 1123.57 1144.76 1154.17 9.55 9.74 9.76 0.1 0.16 0.19

Day 14 1074.1 1077.48 1083.03 9.07 9.23 9.61 0.11 0.17 0.25
Day 21 1107.7 1110.7 1146.78 9.23 9.27 9.3 0.29 0.33 0.55
Day 28 1068.18 1081.83 1094.61 8.57 8.85 9.21 0.35 0.37 0.39

TM: Tooth movement; TM-L: Laser+Tooth movement; TM-P: Piezo+Tooth movement

Table 2. Comparison of bone mineral density, bone volume and tooth movement amount in each group with Kruskal Wallis test

Median p Median p Median p Median p Median p
Bone Mineral 
Density
(mg HA/cm3)

TM 1078.53
1.000

1138
0.733

1094.58
0.099

1107.78
0.561

1091.13
0.066TM-L 1060.3 1110.7 1123.45 1094.05 1146.93

TM-P 1085.43 1144.76 1077.48 1110.7 1081.83

Bone Volume
(mm3)

TM 8.24
0.288

8.36
0.528

8.65
0.066

8.68
0.141

9.13
0.733TM-L 9.21 9.79 8.99 9.48 9.07

TM-P 8.48 9.74 9.23 9.27 8.85

Tooth movement
(mm)

TM 0.1
0.646

0.07
0.252

0.21
0.202

0.063
0.027*

0.28
0.837TM-L 0.1 0.17 0.47 0.11 0.36

TM-P 0.12 0.16 0.17 0.33 0.37

TM: Tooth movement; TM-L: Laser+Tooth movement; TM-P: Piezo+Tooth movement; *p<0.05
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the present study, we observed no significant differences 
in bone mineral density or bone volume in any of the 
groups during the study period. This could be due to our 
low sample numbers.

At day 21, our piezocision group showed approximately 
3 times more tooth movement compared with the laser 
group and 8 times more than the control group. Wilcko et 
al. (31) reported that this phenomenon showed a model of 
acceleration that peaked after 4–8 weeks and continued 
for another 2–4 months. Similarly, in our study, the rate of 
tooth movement peaked after the first month.

Dibart et al. (32) compared the biological response of bone 
to different corticotomies made in the calvaria using a 
piezoelectric blade, bur, and hand-held screw device. Their 
results showed that the piezoelectric blade generated a 
much greater degree of demineralization when compared 
to the bur or hand-held screw device. The authors 
speculated that this may be due to the additional effect of 
the high frequency vibrations caused by piezotome on the 
osteocytes, which is associated with the natural response 
to surgical damage and increases the natural response. 
In addition, in the second phase of the RAP, piezoelectric 
blade enhanced bone apposition compared to the other 
two devices. This enhanced demineralization effect may 
explain the increased tooth movement in the piezocision 
group in our study. 

This pilot study provides an initial basic understanding 
of changes in the bone following tooth movement alone 
and with piezo and laser incisions. The major limitation of 
this preliminary study is the small sample size. Based on 
the findings from this pilot study, a more extensive study 
is being planned with a large sample size and additional 
histomorphometric analyses.

CONCLUSION
Our preliminary results suggest that tooth movements 
with piezocision and laser incision are successful for 
accelerated tooth movement. Based on the results and 
limitations of our pilot study, a more comprehensive study 
is planned to shed more light on the differences between 
piezotome-generated incisions and laser incisions and 
their effects on tooth movement. 
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